Abstract: The coupling of diazotized 2-aminothiazole and 2-aminobenzothiazole with cyclohexane-1,3-dione yielded a new type of tridentate ligand system (HL). Analytical, IR, 1 H-NMR, 13 C-NMR and mass spectral data indicate the existence of the compounds in the intramolecularly hydrogen bonded azo-enol tautomeric form. Monobasic tridentate coordination of the compounds in their [CuL(OAc)] and [ML 2 ] complexes [M = Ni(II) and Zn(II)] was established based on the analytical and spectral data. The Zn(II) chelates are diamagnetic while the Cu(II) and Ni(II) complexes showed a normal paramagnetic moment.
INTRODUCTION
Metallizable azo dyes containing one heterocyclic donor atom suitably located for the formation of annulated chelate complex were the subject of numerous studies, 1-3 the most common being those containing a hetero nitrogen atom in a position adjacent to the azo group. 4, 5 They have wide application in analytical chemistry, metallurgy, the textile industry, optical data storage, photo switching and nonlinear optical materials, [6] [7] [8] [9] [10] and are also involved in many biological reactions. 11 In recent years, a significant number of tridentate azo compounds have been developed to improve the colouring properties, and to achieve more specificity and selectivity in chemical analysis. 12 Metal complexation alters the properties of a dye, both qualitatively and quantitatively. 13 However, the structural aspects of many of these dyestuffs and their metal complexes have not received as much attention as they deserve. In continuation of studies on 304 UMMATHUR, BABU and KRISHNANKUTTY heteroarylazo derivatives of 1,3-diketones and their metal complexes, [14] [15] [16] [17] [18] [19] the synthesis and characterization of two new heteroarylazo derivatives obtained by coupling the diazonium salts of 2-aminothiazole and 2-aminobenzothiazole with the active methylene group of cyclohexane-1,3-dione are reported herein. Typical metal complexes of these ligand systems were also synthesized and characterized. EXPERIMENTAL 
Methods, instruments and materials
The carbon, hydrogen and nitrogen contents were determined by microanalyses (Heraeus Elemental Analyzer from RSIC, Central Drug Research Institute, Lucknow, India, and Catalysis Division, Department of Chemistry, Indian Institute of Technology, Chennai, India) and the metal contents of the complexes by AAS (Perkin Elmer 2380 spectrometer). The electronic spectra of the compounds in methanol (10 -4 mol L -1 ) were recorded on a 1601 Shimadzu UV-Vis spectrophotometer, the IR spectra (KBr discs) on an 8101 Shimadzu FTIR spectrophotometer, the 1 H-NMR spectra (CDCl 3 or DMSO-d 6 ) on a Varian 300 NMR spectrometer and the mass spectra on a Jeol/SX-102 mass spectrometer (FAB using argon and meta-nitrobenzyl alcohol as the matrix). The molar conductance of the complexes were determined in DMF (≈10 -3 mol L -1 ) at room temperature (301±1 K). The magnetic susceptibilities were determined at room temperature on a Guoy-type magnetic balance, Sherwood Scientific Ltd., UK, at room temperature (301±1 K) using Hg[Co(NCS) 4 ] as the standard.
Cyclohexane-1,3-dione, 2-aminothiazole, 2-aminobenzothiazole, methanol, urea and the metal acetates were of AR grade, purchased from Merck, Germany.
General procedure for the preparation of the 2-(thiazol-2-ylazo)cyclohexane-1,3-dione (HL 1 ) and 2-(benzothiazol-2-ylazo)cyclohexane-1,3-dione (HL 2 ) ligands 2-Aminothiazole/2-aminobenzothiazole was diazotized as reported previously. 20 After quenching the excess nitrous acid with urea, the diazonium salt solution (0.01 mol) was added dropwise to a well stirred ethanolic solution of cyclohexane-1,3-dione (0.01 mol, 20 mL) kept in an ice-salt bath and stirred well for ≈1 h. Sodium acetate (≈3 g) was added to adjust the pH to around 6. The precipitated product was filtered, washed with cold water and recrystallized from hot methanol.
Synthesis of the Ni(II), Cu(II) and Zn(II) complexes
A The observed analytical data of the hetero-arylazo derivatives (HL 1 and HL 2 ) indicate that the diazo-coupling reaction had occurred in a 1:1 ratio. The compounds are crystalline in nature and soluble in common organic solvents. 
IR spectra
The IR spectra of HL 1 and HL 2 show a strong band at ≈1720 cm -1 and a medium intensity band at ≈1610 cm -1 , assignable to the stretching of free carbonyl and ring C=N functions, respectively. 19, 21 The two medium intensity bands observed at ≈1280 and 1480 cm -1 are due to C-O-H in-plane bending and N=N stretching, respectively. 16, 21 . The medium intensity band present at ≈1460 cm -1 is assignable to CH 2 scissoring vibrations. 22 The broad band ranging from 3200 to 3500 cm -1 is due to strong O-H … N hydrogen bonding. 21 Thus, the IR spectra support the intramolecularly hydrogen bonded azo-enol tautomeric form of the compounds as in Fig. 1 .
In the IR spectra of all the metal complexes, the free ligand bands at 1280 and 3200-3500 cm -1 were absent, indicating the replacement of enol protons by metal ions during complexation. 23, 24 The free carbonyl band of the ligands is only marginally shifted in the spectra of the complexes, indicating the non-involvement of the carbonyl groups in the coordination. In the spectra, The band at ≈1480 cm -1 due to ν(N=N) and the band due to ring ν(C=N) at 1610 cm -1 of the free ligands were shifted appreciably to lower wave numbers, 15 indicating the involvement of these groups in complexation, as shown in Figs. 2 and 3 . The IR spectra of the Cu(II) complexes showed a comparatively strong band at ≈1625 cm -1 and a medium intensity band at ≈1310 cm -1 . The energy separation between ν asym(COO-) and ν sym(COO-) was >144 cm -1 , which confirms the monodentate nature of the acetate ion, 25, 26 since in the event of bidentate coordination, the energy separation was reported 27 to be <144 cm -1 . The presence of new medium intensity bands at ≈420 and 540 cm -1 , assignable to ν(M-O) and ν(M-N) in the spectra of all the complexes 24, 28, 29 also support the structures shown in Figs. 2 and 3 . Important bands that appeared in the spectra are given in Table I . 
NMR spectra
The 1 H-NMR spectra of HL 1 and HL 2 are characterized by the presence of a low-field, one-proton signal at δ ≈13.50 ppm, which is considerably lower than that reported for arylazo derivatives of 1,3-diketones existing in the hydrazone form. 15, 30 Since azo-enol protons show a signal in the range δ 10-14 ppm, the signal at δ 13.5 ppm could be assigned to the intramolecularly hydrogen bonded enol proton. 31, 32 The high resolution spectra show three types of alicyclic protons in the range δ 1.30-2.90 ppm, indicating the existence of three methylene groups in different electronic environments. 22, 33 The hetero-aryl protons are observed in the range δ 7.30-8.40 ppm. The integrated intensities of the various signals agree well with the structure of the compounds presented in Fig. 1 . In the 1 H-NMR spectra of the diamagnetic Zn(II) complexes, the low field signal due to the intramolecularly hydrogen bonded OH protons disappeared, indicating their replacement by metal cations during complexation. 34 The integrated intensities of various signals agree well with the [ML 2 ] stoichiometry of the complexes as presented in Fig. 2 .
The 13 C-NMR spectra of HL 1 and HL 2 clearly indicate their existence in the azo-enol form. The carbonyl (C 1 ) and enolic (C 3 ) sp 2 carbon atoms appear as separate signals in the low field region, at δ ≈ 200 ppm. Separation of the C 4 and C 6 signals confirms the different electronic environment for these methylene carbons, 31 as shown in Fig. 1 . The involvement of the enolate oxygen and the hetero nitrogen atom in bonding with the metal ion, as shown in Fig. 2, is The assignments of the various observed signals are assembled in Table II.   TABLE II. 1 H-NMR and 13 C-NMR spectral data (δ / ppm) of HL 1 , HL 2 and their Zn(II) complexes; s = singlet, d = doublet (J ≈ 3.7 Hz), t = triplet (J ≈ 6.9 Hz), m = multiplet 
Mass spectra
The formulation of the compounds as in Fig. 1 is clearly supported from the presence of an intense molecular ion peak in the mass spectra. The presence of peaks due to the elimination of N 2 from the molecular ion, characteristic of tautomers, 31, 35, 36 in the spectra support the azo structure of the compounds. Fragments due to the elimination of CH 2 =CHCHO, heteroaryl groups, etc. are typical of the spectra.
The FAB mass spectra of the Cu(II) and Ni(II) complexes showed molecular ion peaks corresponding to [CuL(OAc)] and [NiL 2 ] stoichiometry. Peaks correspond to [ML] + , L + and fragments of L + are also present in the spectra. The spectra of the Cu(II) complexes also showed peaks due to [P -CH 3 COO] + and a number of fragments containing copper in the 3:1 natural abundance of 63 Cu and 65 Cu isotopes. The important mass spectral fragments and their assignments are assembled in Table III .
Electronic spectral and magnetic measurements data
The UV spectra of HL 1 and HL 2 showed two broad bands with maxima at ≈380 and ≈260 nm due to various n→π* and π→π* transitions. These absorption maxima shifted appreciably to low wave numbers in the spectra of the com-plexes. The Cu(II) complexes showed a broad band centred at ≈660 nm. This, together with the measured μ eff value (≈1.75 μ B ) suggests their square-planar geometry. 15, 37 The Ni(II) chelates are paramagnetic (μ eff value ≈2.80 μ B ) and show three well-separated absorption bands in the spectra at λ max ≈925, ≈750 and ≈420 nm corresponding to the transitions 3 A 2g → 3 T 2g , 3 A 2g → 3 T 1g (F) and 3 A 2g → 3 T 1g (P), respectively. Thus, the metal ion is in an octahedral environment. 
CONCLUSIONS
Two heteroarylazo derivatives were prepared by the coupling of diazotized 2-aminothiazole and 2-aminobenzothiazole with cyclohexane-1,3-dione. Analytical, IR, 1 H-NMR, 13 C-NMR and mass spectral data revealed 1:1 products in which one of the carbonyl groups of the diketone is enolized and involved in intramolecular hydrogen bonding with one of the azo nitrogens. Analytical, physical and spectral data of the [ML 2 ] complexes of Ni(II) and Zn(II) showed monobasic tridentate N 2 O coordination involving one of the azo nitrogens, the ring nitrogen and the enolized carbonyl oxygen. The Cu(II) complexes conform to [CuL(OAc)] stoichiometry. The Zn(II) chelates are diamagnetic, while the Ni(II) and Cu(II) complexes showed normal paramagnetic moments.
